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.LOIHDWKHUHWDO7KXVWKHLU1248 
RFFXUUHQFHKLQWVDWWKHSRWHQWLDOIRUKLJKVHGLPHQWIOX[HVLQ*=:IRUPDWLRQZLWKWKHTXRWHG1249 
UDQJH RI VHGLPHQW IOX[HV VXJJHVWLQJ WKDW WKH *=:V ZRXOG KDYH WDNHQ EHWZHHQ -1250 
\HDUV WR IRUP+LJKVHGLPHQW IOX[HVRIXS WRP\U-SHUPHWHUZLGWKKDYHDOVREHHQ1251 
HVWLPDWHG IRU WKH 1RUZHJLDQ &KDQQHO 1\JnUG HW DO  ,QGHHG GHJODFLDO DJHV RQ WKH1252 
LQQHU VKHOI RI WKH *HW]-'RWVRQ 7URXJK FRQVWUDLQ *=: JHQHVLV WR D FD  \HDU SHULRG1253 
6PLWK HW DO  +RZHYHU IOX[HV DUH GHSHQGHQW XSRQ WKH ODUJH-VFDOH PRELOL]DWLRQ RI1254 
VHGLPHQW ZKLFK LV OLPLWHG E\ WKH UDWH RI VXEJODFLDO HURVLRQ DQG WKH GHSWK RI GHIRUPDWLRQ1255 
EHORZ WKH LFH-VWUHDP EDVH )RU H[DPSOH $QDQGDNULVKQDQ HW DO  HVWLPDWHG WKDW WKH1256 
FDOFXODWHGVHGLPHQWIOX[DWWKHJURXQGLQJOLQHRI:KLOODQV,FH6WUHDPaP\U-SHUPHWHU1257 
ZLGWKZRXOGUHTXLUHGLVWULEXWHGXSVWUHDPGHIRUPDWLRQRIWKHVXEJODFLDOVHGLPHQWK\SRWKHVLV1258 
RYHUDFRQVLGHUDEOHWKLFNQHVVVHYHUDOWHQVRIFP¶V 1259 
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$YLVFRXVWLOOUKHRORJ\FRXOGWKHRUHWLFDOO\DFFRXQWIRUWKHVHODUJHIOX[HVEXWGRXEWKDVEHHQ1260 
FDVWRQWKLVSDUWLFXODUDVVXPSWLRQIURPERWK LQVLWXERUHKROHPHDVXUHPHQWVHJ(QJHOKDUGW1261 
	.DPE)LVFKHU	&ODUNH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+RRNHHWDO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.DYDQDXJK	&ODUNHDQG1262 
ODERUDWRU\H[SHULPHQWVHJ.DPE,YHUVRQHWDO7XODF]\N/DUVHQHWDO1263 
7KHSODVWLFEHGPRGHOLVDOVRSRWHQWLDOO\SUREOHPDWLFDVGHIRUPDWLRQFDQFROODSVHWRD1264 
VLQJOHVKHDUSODQHDQGWKXVOLPLWVHGLPHQWIOX[HV&KULVWRIIHUVHQHWDO+RZHYHULWKDV1265 
EHHQVKRZQWKDWRYHUODUJHVFDOHVPXOWLSOHIDLOXUHVFDQLQWHJUDWHWRWUDQVSRUWODUJHYROXPHV1266 
RIVHGLPHQWVXEJODFLDOO\HJ+LQGPDUVKHWDOÏ&RIDLJKHWDO0RUHRYHU1267 
D FKDQJH LQ EDVDO WKHUPDO FRQGLWLRQV IURP PHOWLQJ WR IUHH]LQJ FDQ FDXVH D VKRUW-WHUP1268 
PRYHPHQWRIWKHVKHDUSODQHLQWRWKHWLOOOD\HU%RXJDPRQW	7XODF]\N%RXJDPRQWHW1269 
DO  &KULVWRIIHUVHQ 	 7XODF]\N DE 5HPSHO  7KLV FKDQJH LQ WKHUPDO1270 
FRQGLWLRQV LV DVVRFLDWHG ZLWK EDVDO IUHH]H-RQ K\SRWKHVLV  DQG KDV UHVXOWHG LQ WKH1271 
HQWUDLQPHQW RI ODUJH YROXPHV RI VHGLPHQW ZLWKLQ .DPE ,FH 6WUHDP &KULVWRIIHUVHQ HW DO1272 
 6XEJODFLDO VHGLPHQW DGYHFWLRQ FDXVHG E\ FKDQJHV LQ EDVDO WKHUPRPHFKDQLFDO1273 
FRQGLWLRQVDOVRLPSOLHVDV\QFKURQRXVHURVLRQDQGWUDQVSRUWDQGSXQFWXDWHGVHGLPHQWGHOLYHU\1274 
WRWKHJURXQGLQJOLQHFI&KULVWRIIHUVHQHWDO7LOOSORXJKLQJE\LFHFODVWNHHOVRIIHUV1275 
DQDGGLWLRQDOPHFKDQLVPIRUPRELOL]LQJDQGWUDQVSRUWLQJVHGLPHQW7XODF]\NHWDO 1276 
$ IXUWKHU SRWHQWLDO PHFKDQLVP IRU GHOLYHULQJ SXOVHV RI LQFUHDVHG VHGLPHQW GHOLYHU\ LV1277 
VXEJODFLDO PHOWZDWHU WUDQVSRUW HVSHFLDOO\ JLYHQ REVHUYDWLRQV RI PDMRU GUDLQDJH HYHQWV1278 
DVVRFLDWHGZLWKDFWLYHVXEJODFLDO ODNHVEHQHDWKPRGHUQGD\LFHPDVVHV )ULFNHUHWDO1279 
6WHDUQVHWDO&DUWHUHWDO6PLWKHWDO-|NXOKODXSVLQ,FHODQGZKLFKPD\1280 
WUDQVSRUWRQWKHRUGHURI-WRQVRIVHGLPHQWSURYLGHVVRPHVXSSRUWIRUWKLVPHFKDQLVP1281 
%M|UQVVRQDQGLWLVHQWLUHO\SODXVLEOHWKDWPHOWZDWHUPD\FRQWULEXWHWRVHGLPHQWEHLQJ1282 
GHSRVLWHGDWLFHVWUHDPJURXQGLQJOLQHV 1283 
7KHORFDOO\KLJKUDWHVRIVXEJODFLDOHURVLRQP\U-PRQLWRUHGEHQHDWK5XWIRUG,FH6WUHDP1284 
6PLWKHWDODUHXSWRIRXURUGHUVRIPDJQLWXGHJUHDWHUWKDQPHDVXUHGDQGLQWHUSUHWHG1285 
YDOXHV IRU VXEJODFLDO HQYLURQPHQWV - PP \U- HJ +DOOHW HW DO $OOH\ HW DO1286 
 DQG LQGLFDWH WKDW VHGLPHQW FDQ EH PRELOL]HG UDSLGO\ IRU VXEVHTXHQW UHGLVWULEXWLRQ1287 
,QGHHGWKHVHORFDOO\KLJKHURVLRQUDWHVDUHPXFKJUHDWHUWKDQSXEOLVKHGVHGLPHQWIOX[HVIRU1288 
WKHIRUPDWLRQRI*=:V7KLVVSDWLDOYDULDELOLW\LVDFRPPRQDWWULEXWHIURPEHQHDWKDFWLYHLFH1289 
VWUHDPV DQG UHYHDOV D G\QDPLF VHGLPHQWDU\ V\VWHP WKDW LV FKDUDFWHULVHG E\ VSDWLDO DQG1290 
WHPSRUDOHYROXWLRQLQEHGSURSHUWLHVDQGWKHDELOLW\WRXQGHUJRVLJQLILFDQWFKDQJHVLQHURVLRQ1291 
DQGGHSRVLWLRQRQGHFDGDOWLPHVFDOHV6PLWK6PLWKHWDO.LQJHWDO7KLV1292 
FRQFOXVLRQ LV VXSSRUWHG E\ WKH JHRORJLFDO HYLGHQFH EHFDXVH PDQ\ *=:V RFFXS\ GLVFUHWH1293 
ORFDWLRQVRQLFHVWUHDPEHGVUDWKHUWKDQVSDQQLQJHQWLUHWURXJKZLGWKVHJÏ&RIDLJKHWDO1294 
E*UDKDPHWDOLPSO\LQJWKDWVHGLPHQWDGYHFWHGDWWKHLFH-VWUHDPEHGFDQYDU\1295 
VSDWLDOO\DWWKHPDFUR-VFDOHWHQVRINPV 1296 
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&DWDVWURSKLF PHOWZDWHU GUDLQDJH K\SRWKHVLV  DQGRU VHTXHQWLDO PHOWZDWHU HURVLRQ RYHU1299 
PXOWLSOHJODFLDO F\FOHV K\SRWKHVLVKDYHEHHQ VXJJHVWHG WR DFFRXQW IRU WKH ODUJHGHHSO\1300 
HURGHG VXEJODFLDO PHOWZDWHU FKDQQHOV DQG WXQQHO YDOOH\V LQFLVHG LQWR WKH EHGURFN-IORRUHG1301 
LQQHU FRQWLQHQWDO VKHOI 6HFWLRQ  7XQQHO YDOOH\V KDYH EHHQ XVHG DV HYLGHQFH IRU1302 
FDWDVWURSKLFPHOWZDWHUGLVFKDUJHRIZDWHUVWRUHGEHQHDWKLFHVKHHWVZLWKGUDLQDJHRFFXUULQJ1303 
XQGHUEDQNIXOOFRQGLWLRQV6KDZHWDO5HFHQWREVHUYDWLRQVVKRZWKDWDFWLYHVXEJODFLDO1304 
ODNHV\VWHPVLQWLPDWHO\DVVRFLDWHGZLWKRXWOHWJODFLHUVDQGLFHVWUHDPVDUHFKDUDFWHULVHGE\1305 
SHULRGLFGUDLQDJHDORQJGLVFUHWHIORZ-SDWKVDQGWKXVSURYLGHVRPHVXSSRUWIRUWKLVK\SRWKHVLV1306 
)ULFNHUHWDO6WHDUQVHWDO&DUWHUHWDO6PLWKHWDO+RZHYHULWLV1307 
HTXDOO\SODXVLEOHWKDWWKHPHOWZDWHUFKDQQHOVUHIOHFWDQLQKHULWHGVLJQDORIVHTXHQWLDOHURVLRQ1308 
RYHUPXOWLSOHJODFLDWLRQV K\SRWKHVLV /RZH 	$QGHUVRQ6PLWK HW DO ZLWK1309 
PHOWZDWHUGUDLQDJHSDWKZD\VURXWLQJDQGUH-URXWLQJDORQJFKDQQHOQHWZRUNVÏ&RIDLJKHWDO1310 
 +\SRWKHVLV  LPSOLHV WKDW PHOWZDWHU VWUHDPV DFURVV EHGURFN IRUP VWDEOH ZHOO-1311 
RUJDQLVHGGUDLQDJHV\VWHPVWKDWEHFRPHSURJUHVVLYHO\PRUHµIL[HG¶RYHUWLPHDVWKHJHRPHWU\1312 
RIWKHFKDQQHOEHFRPHVLQFUHDVLQJO\LPSRUWDQWUHODWLYHWRWKHJHRPHWU\RIWKHRYHUO\LQJLFH1313 
PDVV 1314 
7KH VFDUFLW\ RI PHOWZDWHU FKDQQHOV RQ WKH RXWHU VKHOI DSDUW IURP WKH VKHOI EUHDN OLNHO\1315 
UHVXOWVIURPDVRIWPRELOHEHGZKLFKSUHFOXGHVIRUPDWLRQRIDVWDEOHPHOWZDWHUV\VWHPDQG1316 
LQVWHDG DGMXVWV WUDQVLHQWO\ WR IOXFWXDWLRQV LQ VXEJODFLDO ZDWHU SUHVVXUH FI 1RRUPHWV HW DO1317 
0HOWZDWHUWUDQVIHUE\'DUFLDQIORZWKURXJKWKHXSSHUPRVWVHGLPHQWOD\HULVJHQHUDOO\1318 
FRQVLGHUHG WKH SULPDU\ PRGH RI GUDLQDJH XQGHU LFH VWUHDPV XQGHUODLQ E\ VHGLPHQWDU\1319 
VXEVWUDWH HJ 7XODF]\N HW DO  DQG VKDOORZ ³FDQDOV´ PD\ IRUP WHPSRUDULO\ ZKHUH1320 
H[FHVV ZDWHU RFFXUV HJ :DOGHU 	 )RZOHU  7KHVH VKDOORZ FDQDOV KDYH EHHQ ERWK1321 
SUHGLFWHGIURPWKHRUHWLFDOVWXGLHV:DOGHU	)RZOHU1JDQGDOVRREVHUYHGRQ1322 
JHRSK\VLFDOUHFRUGVIURPEHQHDWKWKHPRGHUQ5XWIRUG,FH6WUHDP.LQJHWDO+HQFH1323 
LWFDQQRWEHUXOHGRXWWKDWWKHVHQHWZRUNVDUHSUHVHQWRQWKHRXWHUVKHOISDUWVRIWKH$QWDUFWLF1324 
SDODHR-LFH VWUHDP WURXJKV EXW WKDW WKHLU GLPHQVLRQV OLH EHORZ WKH VSDWLDO UHVROXWLRQ RI WKH1325 
VZDWKEDWK\PHWU\GDWDDQGKDYHWKHUHIRUHQRWEHHQGHWHFWHG 1326 
7KHSDXFLW\RIHVNHUVRQWKH$QWDUFWLFFRQWLQHQWDOVKHOIFDQEHDWWULEXWHGWRWKHSRODUFOLPDWH1327 
ZLWKFROG WHPSHUDWXUHVSUHYHQWLQJVXSUD-JODFLDOPHOWZDWHUSURGXFWLRQ7KLVDGGLWLRQDO LQSXW1328 
RI PHOWZDWHU SHQHWUDWLQJ IURP WKH VXUIDFH WR WKH LFH VKHHW EHG LV WKRXJKW WR EH FULWLFDO LQ1329 
IRUPLQJ DQ HVNHU +RRNH 	 )DVWRRN  )XUWKHUPRUH &ODUN 	 :DOGHU  KDYH1330 
WKHRULVHGWKDWHVNHUVVKRXOGEHUDUHLQUHJLRQVZLWKVXEJODFLDOGHIRUPDWLRQEHFDXVHGUDLQDJH1331 
VKRXOG EH GRPLQDWHG E\ PDQ\ ZLGH VKDOORZ FDQDOV DV RSSRVHG WR UHODWLYHO\ IHZ VWDEOH1332 
FKDQQHOV VHH6HFWLRQ7KHXQFRQVROLGDWHGVHGLPHQWDU\VXEVWUDWH WKDW IORRUV WKHPLG-1333 
RXWHU FRQWLQHQWDO VKHOI RI $QWDUFWLF SDODHR-LFH VWUHDP WURXJKV DQG WKH ODFN RI PHOWZDWHU1334 
FKDQQHOVZLWKLQWKLVVRIWEHGVXSSRUWVWKLVWKHRU\+RZHYHULWPLJKWDOVREHWKDWFDVHWKDWWKH1335 
ODFNRIHVNHUVUHIOHFWVOLPLWVLQWKHREVHUYDEOHUHVROXWLRQRIRXULQVWUXPHQWVDQGLVWKHUHIRUH1336 
PHUHO\DVFDOHSUREOHP 1337 
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1XPHULFDO LFH-VKHHW DQG LFH-VWUHDP PRGHOV GHYHORSHG IRU WKH SUHGLFWLRQ RI WKH IXWXUH1340 
FRQWULEXWLRQ RI$QWDUFWLF ,FH 6KHHW G\QDPLFV WR VHD-OHYHO FKDQJH DUH RQO\ DV JRRG DV RXU1341 
FXUUHQW OHYHO RI XQGHUVWDQGLQJ UHJDUGLQJ WKH PHFKDQLFV RI LFH GUDLQDJH WKH SURFHVVHV DQG1342 
IHHGEDFNVRSHUDWLQJZLWKLQWKHV\VWHPDQGDOVRWKHVFDOHDQGVSDWLDOH[WHQWDWZKLFKZHPDNH1343 
REVHUYDWLRQV DQG FROOHFW GDWD  7KLV UHYLHZ KDV KLJKOLJKWHG UHFHQW DGYDQFHV EXW QRZ DOVR1344 
FRQVLGHUVVRPHNH\DUHDVIRUIXUWKHUZRUNZKLFKZHVXPPDULVHDVIROORZV 1345 
x 7KH QHHG IRU D EHWWHU XQGHUVWDQGLQJ RI VXEJODFLDO VHGLPHQW HURVLRQ WUDQVSRUW DQG1346 
GHSRVLWLRQ )RU H[DPSOH ZKDW GR *=:V DFWXDOO\ WHOO XV DERXW JURXQGLQJ-OLQH1347 
VWDELOLW\DQGKRZTXLFNO\GRWKH\IRUP" 1348 
x $QLPSURYHGXQGHUVWDQGLQJRIWKHWLPHVFDOHVRYHUZKLFKEDVDOURXJKQHVVLVFKDQJHG1349 
E\ JODFLDO HURVLRQ DQG GHSRVLWLRQ DQG WKH FRQVHTXHQW IHHGEDFNV ZLWK LFH G\QDPLFV1350 
LH LI URXJK RQVHW ]RQHV FDQ SUHYHQW KHDGZDUG PLJUDWLRQ RI LFH VWUHDPV WKHQ RYHU1351 
ZKDW WLPHVFDOHV PD\ WKLV EH RYHUFRPH DQG LV WKHUH D WKUHVKROG URXJKQHVV VFDOH1352 
EH\RQGZKLFKVWUHDPLQJLVQRWSRVVLEOH" 1353 
x )XUWKHUZRUNH[DPLQLQJKRZLFHVWUHDPIORZLQIOXHQFHVHURVLRQRIKDUGEHGURFN7KLV1354 
LQFOXGHV GLVWLQJXLVKLQJ EHWZHHQ WKH UHODWLYH LQIOXHQFHV RI LFH-VWUHDP VXEVWUDWH1355 
FKDQJHVLQVORSHJUDGLHQWVWHHSQHVVDQGLFH-IORZYHORFLW\RQEHGIRUPJHQHVLV 1356 
x 5HVROYLQJJHQHWLFOLQNVEHWZHHQODQGIRUPVDQGVXEJODFLDOSURFHVVHVWKHUHE\DOORZLQJ1357 
EHWWHU SDUDPHWHULVDWLRQ RI WKH EHG SURSHUWLHV LQ QXPHULFDO LFH-VWUHDP DQG LFH-VKHHW1358 
PRGHOV 1359 
x )XUWKHUZRUNRQVXEJODFLDOPHOWZDWHU IORZDQG LWV UROH LQ LFH-VWUHDPG\QDPLFV)RU1360 
H[DPSOH KRZ GRHV ZDWHU IORZ RYHU RU WKURXJK XQFRQVROLGDWHG VHGLPHQW DQG FDQ1361 
µRXWEXUVWIORRGV¶GHOLYHUODUJHSXOVHVRIVHGLPHQWWRWKHJURXQGLQJOLQH" 1362 
x ,GHQWLI\LQJ WKH VHQVLWLYLW\ RI JURXQGLQJ-OLQH UHWUHDW WR H[WHUQDO WULJJHUV DQG1363 
TXDQWLI\LQJWKHLQIOXHQFHRILQWHUQDOFKDUDFWHULVWLFVLQHLWKHUDFFHOHUDWLQJRUUHGXFLQJ1364 
UHWUHDWUDWHV 1365 
7KH IROORZLQJ SDUDJUDSKV EULHIO\ GHWDLO WZR DSSURDFKHV WKDW PD\ SURYLGH VRPH VFRSH IRU1366 
LQYHVWLJDWLQJWKHVHSUREOHPV 1367 
*ODFLDO-JHRPRUSKRORJLFDO PDSSLQJ KDV EHHQ ZLGHO\ DSSOLHG WR SDODHR-LFH VKHHWV LQ WKH1368 
QRUWKHUQKHPLVSKHUHLQRUGHUWRUHFRQVWUXFWFRPSOH[LFH-IORZG\QDPLFVDQGEHGSURSHUWLHV1369 
6R IDUKRZHYHU WKLVGHWDLOHGPDSSLQJKDVRQO\EHHQ UHSOLFDWHG LQ$QWDUFWLFD IRU WKH*HW]-1370 
'RWVRQ7URXJKVHH*UDKDPHWDO7KHUHLVDQXUJHQWQHHGIRUDPRUHFRPSUHKHQVLYH1371 
DQDO\VLVRIWKHEHGSURSHUWLHVDQGWKHLUVSDWLDODQGWHPSRUDOYDULDWLRQVIRU$QWDUFWLFSDODHR-1372 
LFH VWUHDPV HVSHFLDOO\ JLYHQ WKH ILQH-VFDOH DWZKLFKZHFDQQRZ LGHQWLI\ JODFLDO EHGIRUPV1373 
HJ-DNREVVHQHWDO'HWDLOHGPDSSLQJPXVWEHDXJPHQWHGE\IXUWKHUDJHFRQVWUDLQWV1374 
RQWKHGHJODFLDOKLVWRU\7KHVHDUHFUXFLDOWREXLOGLQJXSDGDWDEDVHRILQGLYLGXDOSDODHR-LFH1375 
VWUHDP UHWUHDW VW\OHV UDWHV DQG WLPLQJV GLUHFWO\ FRPSDULQJ DJDLQVW PRGHUQ REVHUYDWLRQV1376 
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EHQHDWK FRQWHPSRUDU\ LFH VWUHDPV HJ .LQJ HW DO  DQG LQYHVWLJDWLQJ H[WHUQDO DQG1377 
LQWHUQDOFRQWUROVRQJURXQGLQJ-OLQHUHWUHDW 1378 
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Table 1: Proposed palaeo-ice streams of the Antarctic Ice Sheet during the last glacial period and the main lines of evidence used in their 
identification (numbers in square brackets refer to their location in Fig. 1, whilst those palaeo-ice streams with a question mark are less certain).    
REFERENCES ICE STREAM DRAINAGE 
BASIN 
EXTENT AT 
LGM 
PRINCIPLE EVIDENCE FOR ICE STREAM ACTIVITY 
Canals et al. (2000, 2003); Willmott et al. (2003) 
Evans et al. (2004); Heroy & Anderson (2005). 
[1] Gerlache-Boyd Western 
Bransfield 
Basin 
Shelf-break A convex-up elongate sediment body comprising parallel to sub parallel 
ridges and grooves (bundles) up to 100 km long; a convergent ice-flow 
pattern exhibiting a progressive increase in elongation into the main 
trough; and an outer-shelf sediment lobe seaward of the main trough.    
Banfield & Anderson (1995); Canals et al. 
(2002); Heroy & Anderson (2005).  
[2] Lafond Central 
Bransfield 
Basin 
Shelf-break Deeply incised U-shaped trough with a drumlinised bed on the inner 
shelf and elongate grooves and ridges on the outer shelf; and a well 
developed shelf-edge lobe and slope debris apron. 
Banfield & Anderson (1995); Canals et al. 
(2002); Heroy & Anderson (2005). 
[3] Laclavere Shelf-break Deeply incised U-shaped trough with a drumlinised bed on the inner 
shelf and elongate grooves and ridges on the outer shelf; and a well 
developed shelf-edge lobe and slope debris apron. 
Banfield & Anderson (1995); Canals et al. 
(2002); Heroy & Anderson (2005). 
[4] Mott Snowfield Shelf-break Deeply incised U-shaped trough with a drumlinised bed on the inner 
shelf and elongate grooves and ridges on the outer shelf; and a well 
developed shelf-edge lobe and slope debris apron. 
Bentley & Anderson (1998); Heroy et al. (2008) [5] Orleans Trough ? A large cross-shelf trough. Streamlined bedforms including drumlins and 
scalloped features. 
Canals et al. (2003); Amblas et al. (2006). [6] Biscoe Trough Antarctic 
Peninsula 
Shelf-break Biscoe Trough exhibits a convergent flow pattern at the head of the ice 
stream, with well-developed MSGL observed throughout. These 
bedforms show a progressive elongation towards the shelf edge, with the 
less elongate landforms on the inner shelf formed in bedrock and 
interpreted as roche moutonées.    
Heroy & Anderson (2005); Wellner et al. (2006). [7] Biscoe South Trough 
(= Adelaide Trough) 
? A distinctive cross-shelf bathymetric trough characterised by rock cored 
drumlins on the inner shelf and MSGL on the outer shelf.  
Pudsey et al. (1994); Larter & Vannester (1995); 
Vanneste & Larter (1995); Domack et al. (2006). 
[8] Anvers-Hugo Island 
Trough 
Shelf-break Comprised of three tributaries which converge on a central trough. The 
inner-shelf is characterised by streamlined bedrock, and meltwater 
channels which cut across the mid-shelf high. The outer trough is floored 
by sediment and dominated by MSGL, with grounding zone wedges also 
identified in this zone.  
Heroy & Anderson (2005). [9] Smith Trough ? A cross shelf bathymetric trough containing streamlined bedrock features 
such as grooves and drumlins, with elongations ratios of up to 20:1.  
Kennedy & Anderson (1989); Anderson et al. 
(2001); Wellner et al. (2001);Oakes & Andeson 
(2002);  Ó Cofaigh et al. (2002, 2005b, 2007, 
2008); Dowdeswell et al. (2004a, b); Anderson & 
Oakes-Fretwell (2008); Noormets et al. (2009); 
Kilfeather et al. (2010). 
[10] Marguerite Trough Marguerite Bay Shelf-break Streamlined subglacial bedforms occur in a cross-shelf bathymetric 
trough; the bedforms show a progressive down-flow evolution from 
bedrock drumlins and ice-moulded bedrock on the inner shelf to MSGL 
on the outer shelf in soft sediment; and the MSGL are formed in 
subglacial deformation till which is not present on the adjacent banks. 
Ó Cofaigh et al. (2005a); Graham et al. (2010). [11] Latady Trough Ronne Entrance ? MSGL located in a cross-shelf bathymetric trough. 
Ó Cofaigh et al. (2005a); Dowdeswell et al. [12] Belgica Trough Eltanin Bay & Shelf-break Elongate bedforms are located in a cross-shelf bathymetric trough; the 
(2008b); Noormets et al. (2009); Hillenbrand et 
al. (2009, 2010a); Graham et al. (2010b). 
Ronne Entrance head of the ice stream is characterised by a strongly convergent flow 
pattern; the trough exhibits a down-flow transition from drumlins to 
MSGL, with the MSGL formed in subglacial deformation till; and large 
sediment accumulations have been observed including a TMF in front of 
Belgica Trough and a series of GZWs on the mid and inner shelf.    
Anderson et al. (2001); Wellner et al. (2001); 
Lowe & Anderson (2002, 2003); Dowdeswell et 
al. (2006); Evans et al. (2006); Ó Cofaigh et al. 
(2007); Noormets et al. (2009); Graham et al. 
(2010a). 
[13] Pine Island Trough Pine Island 
Trough 
Shelf-break MSGL with elongation ratios of >10:1 in the middle/outer shelf 
composed of soft till formed by subglacial deformation; the bedforms are 
concentrated in a cross-shelf bathymetric trough; and a bulge in the 
bathymetric contours in-front of the trough indicates progradation of the 
continental slope.  
Anderson et al. (2001); Wellner et al. (2001); 
Larter et al. (2009); Graham et al. (2009); 
Hillenbrand et al. (2010b); Smith et al. (in press). 
[14] Getz-Dotson Bakutis Coast Shelf-break Bedforms converge into a central trough from three main tributaries; the 
bedforms which occupy the trough have elongation ratios up to 40:1 and 
comprise drumlins, crag-and-tails and MSGL; MSGL on the outer shelf 
are formed in soft till; and the inner and mid-shelf contain a series of 
GZWs.    
Wellner et al. (2001, 2006); Anderson et al. 
(2002). 
[15] Wrigley Gulf  Wrigley Gulf Outer-
shelf/shelf break 
A cross-shelf bathymetric trough containing drumlins and grooves on the 
inner shelf and MSGL on the outer shelf.   
Wellner et al. (2001, 2006). [16] Sulzberger Sulzberger Bay ? A prominent trough aligned with the structural grain of the coast. The 
bedrock floored trough is characterised by roche moutonées and 
erosional grooves which are concentrated along the axis of the trough; 
MSGL occupy the trough on the outer shelf.    
Anderson (1999); Domack et al. (1999); Shipp et 
al. (1999); Bart et al. (2000); Licht et al. (2005); 
Melis & Salvi (2009). 
[17] Drygalski Basin 
(Trough 1) 
Western Ross 
Sea 
Outer shelf A narrow trough containing MSGL formed in deformation till, a 
distinctive dispersal train and a GZW on the outer shelf.    
Anderson (1999); Domack et al. (1999); Shipp et 
al. (1999, 2002); Bart et al. (2000); Anderson et 
al. (2001);  Howat & Domack (2003); Licht et al. 
(2005); Farmer et al. (2006); Melis & Salvi 
(2009). 
[18] JOIDES-Central 
Basin (Trough 2) 
Outer shelf JOIDES-Central Basin forms a narrow trough characterised by MSGL 
along its axial length. The trough also exhibits a distinctive dispersal 
train, and has a GZW on the outer shelf.  
Domack et al. (1999); Shipp et al. (1999); Howat 
& Domack (2003); Licht et al. (2005); Mosola & 
Anderson (2006); Salvi et al. (2006). 
[19] Pennell Trough 
(Trough 3) 
Central Ross 
Sea 
Shelf-break A narrow cross-shelf trough characterised by a drumlinised inner shelf, 
with MSGL extending across the mid and outer shelf. The MSGL are 
formed in deformation till, with gullies on the continental shelf in-front 
of the trough. The trough also exhibits a distinctive dispersal train.    
Domack et al. (1999); Shipp et al. (1999); Licht 
et al. (2005); Mosola & Anderson (2006). 
[20] Eastern Basin 
(Trough 4) 
Shelf-break Cross-cutting MSGL, formed in deformation till, extend along the entire 
axis of the trough, with gullies on the continental slope in-front of the 
broad trough. GZWs have also been identified along the length of the 
trough.  The trough is also characterised by a distinctive dispersal train.    
Licht et al. (2005); Mosola & Anderson (2006). [21] Eastern Basin 
(Trough 5) 
Eastern Ross 
Sea 
Shelf-break The broad trough that hosted this ice stream is characterised by MSGL 
and multiple GZWs and terminates in gullies on the continental slope. 
The MSGL are formed in deformation till. The trough is also 
characterised by a distinctive dispersal train.    
Licht et al. (2005); Mosola & Anderson (2006). [22] Eastern Basin 
(Trough 6) 
Shelf-break Trough 6 is a broad depression comprising MSGL and 3 GZWs. The 
MSGL are formed in a deformation till and there is sharp lateral 
boundary into non-deformed till. The continental slope is dominated by 
gullies. The trough is also characterised by a distinctive dispersal train.    
Barnes (1987); Domack (1987); Eittreim et al. 
(1995); Escutia et al. (2003); McCullen et al. 
(2006); Crosta et al. (2007). 
[23] Mertz Trough Wilkes Land 
Coast 
? A broad cross-shelf trough floored by deformation till and characterised 
by MSGL and GZWs. The outer shelf is characterised by prograding 
wedges, with steep foresets composed of diamict. 
Barnes (1987); Domack (1987); Eittreim et al. 
(1995); Beaman & Harris (2003, 2005); Escutia 
et al. (2003); Presti et al. (2005); Leventer et al. 
(2006); McCullen et al. (2006); Crosta et al. 
(2007); Denis et al. (2009). 
[24] Mertz-Ninnes 
Trough 
? A broad cross-shelf trough floored by deformation till and characterised 
by MSGL and GZWs. The outer shelf is characterised by a number of 
GZWs, with steep foresets composed of diamict. Further evidence is 
provided by the presence of lateral moraines on the adjacent banks.   
Eittreim et al. (1995); Escutia et al. (2003); 
Crosta et al. (2007); Denis et al. (2009). 
[25] Astrolabe-Français ? A broad cross-shelf trough. Steeply prograded GZW on the outer shelf 
and MSGL on the inner and mid shelf. 
Eittreim et al. (1995); Escutia et al. (2003); 
Crosta et al. (2007). 
[26] Dibble Trough ? A broad cross-shelf trough. The outer shelf is characterised by GZWs, 
with steep foresets composed of diamict. 
Wellner et al. (2006). [27] Pennell Coast (?) Pennell Coast ? The shelf offshore of Pennell Coast has two prominent troughs which 
merge on the inner shelf; the troughs are characterised by erosional 
grooves (amplitudes of over 100 m and wavelengths of 10 m to 1 km). 
2¶%ULHQ2¶%ULHQHWDO
2¶%ULHQ	+DUULV'RPDFNHWDO
Taylor & McMinn (2002); Leventer et al. (2006).  
[28] Prydz Channel Prydz Bay Inner-shelf/mid-
shelf 
The shelf is bisected by a large trough with elongate bedforms (flutes) 
along its floor. The flutes are overprinted by a series of transverse 
moraines; in front of the trough there is a bulge in the bathymetric 
contours, typical of a TMF; and GZWs have been observed on the inner 
shelf. 
2¶%ULHQ2¶%ULHQHWDO
2¶%ULHQ	+DUULV'RPDFNHWDO
Taylor & McMinn (2002); Leventer et al. (2006). 
[29] Amery Inner-shelf/mid-
shelf 
The shelf is bisected by a large trough with elongate bedforms (flutes) 
along its floor. The flutes are overprinted by a series of transverse 
moraines; in front of the trough there is a bulge in the bathymetric 
contours, typical of a TMF; and GZWs have been observed on the inner 
shelf. 
+DUULV	2¶%ULHQ1996, 1998); Leventer et al. 
(2006); Mackintosh et al. (2011). 
[30] Nielsen Mac.Robertson 
Land 
Outer 
shelf/shelf break 
A deep trough that strikes across the shelf. The trough contains GZWs, 
MSGL and parallel grooves.    
2¶%ULHQHWDO+DUULV	2¶%rien (1996); 
Stickley et al. (2005); Leventer et al. (2006); 
Mackintosh et al. (2011). 
[31] Iceberg Alley Outer 
shelf/shelf break 
A narrow trough containing a GZW and MSGL. 
Melles et al. (1994); Bentley & Anderson (1998); 
Bart et al. (1999); Anderson & Andrews (1999); 
Anderson et al. (2002); Bentley et al. (2010). 
[32] Crary Trough (?) Southern 
Weddell Sea 
? A broad trough on the continental shelf of SE Weddell Sea and an 
oceanward-convex bulge in the bathymetric contours in front of the 
trough (TMF).  
Haase (1986); Bentley & Anderson (1998). [33] Ronne Trough (?) ? Shallow trough on the inner shelf 
Gilbert et al. (2003); Evans et al. (2005); 
Brachfeld et al. (2003); Domack et al. (2005); 
Pudsey et al. (2006); Curry & Pudsey (2007); Ó 
Cofaigh et al. (2007); Reinardy et al. (2009, 
2011a,b). 
[34] Robertson Trough 
(Prince Gustav channel; 
Larsen-A, -B, BDE, 
Greenpeace) 
NW Weddell 
Sea 
Shelf-break A strong convergence of multiple tributaries (and bedforms) into a large 
central trough on the outer shelf; bedforms which range from short 
bedrock drumlins, grooves and lineations on the inner shelf to MSGL on 
the outer shelf are confined to the cross-shelf troughs; bedforms show a 
progressive elongation down-flow and where formed in sediment are 
associated with soft till; prominent GZWs on the inner shelf document 
still-stand positions.    
Anderson et al. (1992); Bentley & Anderson, 
(1998); Carmelenghi et al. (2001); Heroy & 
Anderson (2005). 
[34] North Prince Gustav 
channel-Vega Trough 
Outer 
shelf/shelf-
break 
Subglacial bedforms, including mega-flutes, drumlins, crag-and-tails 
have been identified within a deep trough which broadens towards the 
shelf edge. On the outer shelf MSGL are common and there is a 
prominent GZW. 
Bentley & Anderson (1998). [35] Jason Trough (?) ? A large cross-shelf trough.   
  
Table 2: Physiography of the palaeo-ice stream troughs collated from the literature (see Table 1). * Derived from GEBCO; 1 the gradient (degrees) is averaged 
from a long profile extracted along the axial length of the trough (from the shelf edge to the modern ice-front) using the GEBCO data. 2 From Graham et al. 
(2010). 3 Grounding of ice in Ronne Trough and Crary Trough at the LGM is disputed. 4 Crary Trough =Thiel Trough =Filchner Trough. EB = Eltanin Bay; RE 
= Ronne Entrance; PG = Prince Gustav channel; R = Robertson Trough.  
Palaeo-ice stream trough Length (km) 
Width 
(km) 
Major 
tributaries Drainage Basin (km
2) Water depth (m) Gradient
1
  
(main trough) Shelf-break Mid-outer shelf Inner shelf banks 
[1] Gerlache-Boyd 340 5-40 2 23,000 400-500 500-800 1200 300-400 -0.0001 
[2] Lafond 75* 10-28 1  650-900 700 200-610 100-200* 0.0048 
[3] Laclavere 70* 10-28 1  650-900 700 200-610 100-200* 0.0067 
[4] Mott Snowfield 70* 10-28 1  650-900 700 200-610 100-200* 0.0028 
[5] Orleans* 150 10-35 3  750-800 500-800 550-800 100-300 0.0019 
[6] Biscoe 170 23-70 1  450-500 300-450 600-800 200-350* -0.0007 
[7] Biscoe South (Adelaide)* 180 15-30 1  450-500 450-600 450-550 300-350 0.00005 
[8] Anvers-Hugo Island 240 15-30 3  400-430 300-800 500-1400* 200-350 -0.0036  (outer: -0.0018) 
[9] Smith* 190* 5-22 1  800 400-900 200-800 300-400 0.0003 
[10] Marguerite 445 6-80 2 10,000-100,000 500-600 500-600 1000-1600 400-500 -0.0007 (outer: -0.0009) 
[11] Latady 510 up to 80 1  400 600-800 600-1000 400-500 0.0001 
[12] Belgica 490(EB) 540 (RE) 75-150 2 217,000-256,000 600-680 560-700 500-1200 400-500 
-0.0009 (EB) 
-0.0003(RE) 
[13] Pine Island 450 50-95 2 330,000 480-540 490-640 1000-1700 400-500 
-0.0012 (west) 
-0.0008 (east) 
(outer: 0.015)2 
[14] Getz-Dotson 290 17-65 3  500 600 1100-1600 350-450* -0.0015 
[15] Wrigley Gulf* 145 50-70 1  500-600 600-800 600-1000 200-450 -0.0015 
[16] Sulzberger* 130 25 1  500 500-1300 600-900 200-400 -0.0033 (outer: -0.0089) 
[17] Drygalski (1) 560* 45-65 1  500 600 800-1000 250 -0.0003 
[18] JOIDES-Central (2) 470* 45-65 1 1.6 million & 265,000 450-550 500-620 800-1000 250 -0.0001 
[19] Pennell (3) 400 100 1  500-600 600-700 600-800 500 -0.0006 
[20] Eastern Basin (4) 300* 150-240 1  500-600 600-700 600-800 500 -0.0003 
[21] Eastern Basin (5) 240* 100-200 1  500-600 600-700 600-800 500 -0.0001 
[22] Eastern Basin (6) 200* 125 1  500-600 600-700 600-800 500 -0.0008 
[23] Mertz  50-100 1  450-500 450-500 450-1000 <400 -0.0004 
[24] Mertz-Ninnes  50 1  450-500 450-500 450-1000 <400 -0.0027 
[25] Astrolabe-Français 230 40-80 1  300 600-850 600-1100 200-350 -0.0014 
[26] Dibble 130 50-80 1  450-550 400-1000 300-500 200-350 0.0016 
[27] Pennell Coast*  10-15 2  350 400-1200 600-1100 200-300 -0.0082 
[28] Prydz Channel 220-350 150 1  500-600 600-800 700-800 100-400 -0.0015 
[29] Amery >450 150 2 1.48 million (present) 500-600 600-800 800-2200 100-400 -0.003 
[30] Nielsen  30-40 1  250-350* 550-800* 600-1200 <200 -0.0053 
[31] Iceberg Alley 103* 15* 1  300* 450-550 450-500 <150 0.0003 
[32] Crary4  120-170* 1  630 550-800 650-1140 350-400* -0.0017 
[33] Ronne  50-140* 1  400-500* 400-600 500-600 350-400* -0.00063 
[34] Robertson 310 25-100 5  450 400-550 500-1200 300-400 -0.001 (PG) 0.0004 (R) 
[35] North Prince Gustav-Vega  5-25* 2  300-400* 400-500 350-1240 300 -0.0026 
[36] Jason*  20-120 1  750-800 550-900 450-600 300-400 0.0013 
 
Table 3: Geomorphic features observed at the beds of Antarctic marine palaeo-ice streams. 
Landform Defining characteristics Palaeo-ice streams 
Mega-scale glacial lineations 
06*/¶EXQGOHVWUXFWXUHV¶ 
>10:1 elongation, parallel bedform sets formed in the acoustically 
transparent seismic unit. 
All palaeo-ice streams except Smith Trough and 
Sulzberger Bay Trough 
Drumlinoid bedforms  Lobate/teardrop/ovoid-shaped bedforms formed either wholly or 
partially in bedrock and occasionally with overdeepenings around 
their upstream heads. 
Anver-Hugo Island Trough, Bakutis Coast, Belgica 
Trough, Biscoe South Trough, Bransfield Basin, 
Central Ross Sea, Gerlache-Boyd Strait, Getz-Dotson 
Trough,  Marguerite Trough, Pine Island Trough, 
Robertson Trough, Sulzberger Bay Trough, Vega 
Trough  
Crudely streamlined and grooved bedrock Elongate grooves/ridges formed in bedrock. Anver-Hugo Island Trough, Belgica Trough, Biscoe 
Trough, Getz Ice Shelf, Getz-Dotson, Marguerite 
Trough, Pennell Coast, Pine Island Trough, Robertson 
Trough, Smith Trough, Sulzberger Bay Trough 
Crag-and-tails Large bedrock heads with tails aligned in a downflow direction. Getz-Dotson Trough, Marguerite Bay 
Subglacial meltwater channel systems Straight to sinuous channels with undulating long-axis thalwegs 
and abrupt initiation and termination points. 
Anvers-Hugo Island Trough, Central Ross Sea, Getz-
Dotson, Marguerite Trough, Pine Island Bay, 
GZW (Grounding Zone Wedges) Steep sea-floor ramps with shallow backslopes and wedge-like 
profiles. Formed within till and often associated with lineations, 
which frequently terminate at the wedge crests. 
Anvers-Hugo Island Trough, Belgica Trough, Gerlache-
Boyd Strait, Getz-Dotson, Iceberg Alley, Laclavere 
Trough, Lafond Trough, Marguerite Trough, Mertz 
Trough, Nielsen Trough, Pine Island Trough, Prydz 
Channel; Robertson Trough, Ross Sea troughs, Vega 
Trough  
Transverse moraines Transverse ridges, 1-10 m high with spacings of a few tens to 
hundreds of metres. Straight to sinuous in plan-form.  
Eastern Ross Sea, JOIDES-Central Basin, Prydz 
Channel 
TMF (Trough Mouth Fan) Seaward bulging bathymetric contours, large glacigenic debris-
flow deposits and prominent shelf progradation (prograding 
sequences in seismic profiles).  
Belgica Trough, Crary Trough, Prydz Channel, western 
Ross Sea troughs 
Gully/channel systems Straight or slightly sinuous erosional features on the continental 
slope, which occasionally incise back into the shelf edge. The 
gully networks on the upper slope show a progressive 
organisation into larger and fewer channels down-slope.  
Anvers-Hugo Island Trough, Belgica Trough, Biscoe 
Trough, Biscoe Trough South, Bransfield Basin, 
Gerlache-Boyd Strait, Marguerite Trough, Pine Island 
Trough, Robertson Trough, Smith Trough, Weddell Sea 
trough, western Ross Sea troughs 
Iceberg scours Straight to sinuous furrows, uniform scour depths, cross-cutting 
and seemingly random orientation. 
All palaeo-ice streams 
 
Table 4: Compiled uncorrected and calibrated marine radiocarbon ages representing minimum estimates of glacial retreat.  
Astrolobe-Fr = Astrolabe-Français Trough 
aFor core locations see Fig. 7. 
bDist. (%) = (Distance of core along palaeo-ice stream flow line/Total length of ice stream) x 100. 
cTGM = transitional glaciomarine ; IT = iceberg turbate; DO = diatomaceous ooze; GM = glaciomarine. 
dAIO = acid insoluble organic carbon; F = foraminifera; (m) = mixed benthic and planktic; (b) = benthics; Geomag. = geomagnetic palaeointensity. 
e5 UHVHUYRLUFRUUHFWLRQǻ5 ± R for CALIB program). For all carbonate samples, a marine reservoir correction of 1300 (±100) years was applied 
(Berkman & Forman, 1996). For AIO samples we used the reported core-top ages. DO samples in the Getz-Dotson Trough were corrected by 1300 (±100) 
years (Berkman & Forman, 1996) as discussed in Hillenbrand et al. 2010b. 
fCalibrated using the CALIB program v 6.0 (Stuiver et al. 2005), reported in calendar years before present (cal. yr BP). Ages rounded to the nearest ten years.  
Dates in bold are inferred to be the most reliable minimum ages constraining initial palaeo-ice stream retreat. 
Reference Core Location aMap 
No. 
bDist. 
(%) 
cSediment Facies dCarbon 
Source 
Conventional 
14C age 
Error  
(± years) 
eR 
(yrs) 
Corrected age 
(yrs) 
fMedian cal. 
age (yrs) 
ı
error 
ı
error 
Domack et al. (2001) ODP-1098C Anvers 1 27.6 TGM AIO 12250 60 1260 10990 12850 120 207 
Pudsey et al. (1994) GC51 Anvers 2 72.4 TGM AIO 12730 130 4020 8710 9860 219 371 
Pudsey et al. (1994) GC49 Anvers 3 65.1 TGM AIO 13110 120 4020 9090 10340 153 365 
Yoon et al. (2002) GC-02 Anvers 4 60.3 GM (above till) AIO 12840 85 3000 9840 11250 115 320 
Nishimura et al. (1999) GC1702 Anvers 5 68.5 GM AIO 14320 50 2340 11980 13810 78 179 
Heroy & Anderson (2007) PC-24 Anvers 6 83.6 TGM F(m) 14020 110 1300 12720 15030 334 775 
Heroy & Anderson (2007) PC-25 Anvers 7 94.0 IT F(m) 14450 120 1300 13150 15960 449 732 
Heroy & Anderson (2007) KC-26 Anvers 8 84.9 TGM F(m) 14880 200 1300 13580 16620 330 803 
Heroy & Anderson (2007) PC-23 Anvers 9 59.9 TGM Shell 11168 81 1300 9868 11320 146 429 
Pudsey et al. (1994) GC47 Anvers 10 56.5 TGM AIO 12280 150 1870 10410 12140 373 730 
Domack et al. (1991) 302 Astrolabe-Fr 11 26.5 DO AIO 5515 132 1300 4215 4840 234 434 
Crosta et al. (2007) MD03-2601 Astrolabe-Fr 12 42.2 DO AIO 10855 45 2350 8505 9600 154 331 
Hillenbrand et al. (2010a) JR104-GC358 Belgica 13 34.8 GM AIO 21433 168 5131 16302 19450 163 488 
Hillenbrand et al. (2010a) JR104-GC359 Belgica 14 34.8 GM AIO 11736 120 5131 6605 7500 114 241 
Hillenbrand et al. (2010a) JR104-GC360 Belgica 15 33.3 GM AIO 8415 95 4450 3965 4520 167 309 
Hillenbrand et al. (2010a) JR104-GC366 Belgica 16 23.3 GM AIO 16193 196 3914 12279 14320 384 659 
Hillenbrand et al. (2010a) JR104-GC357 Belgica 17 55.2 GM AIO 12140 191 5810 6330 7230 210 419 
Hillenbrand et al. (2010a) JR104-GC368 Belgica 18 54.1 GM AIO 25240 565 5484 19756 23560 668 1342 
Hillenbrand et al. (2010a) JR104-GC371 Belgica 19 79.3 IT AIO 22507 436 2464 20043 23910 536 1033 
Hillenbrand et al. (2010a) JR104-GC372 Belgica 20 87.2 GM AIO 27900 797 1731 26169 30710 618 1451 
Hillenbrand et al. (2010a) JR104-GC374 Belgica 21 89.6 GM AIO 27512 721 2464 25048 29830 714 1316 
Heroy & Anderson (2007) PC-55 Biscoe 22 90.4 TGM AIO 18420 130 2999 15421 18660 120 224 
Heroy & Anderson (2007) PC-57 Biscoe 23 62.2 TGM AIO 19132 87 4913 14219 17300 203 371 
Pope & Anderson (1992) PD88-42 Biscoe 24 14.8 TGM F(m) 13120 100 1300 11820 13630 150 289 
Heroy & Anderson (2007) PC-30 Biscoe S 25 73.9 TGM AIO 17660 110 6300 11360 13220 118 283 
Finocchiaro et al. (2005) ANTA02-CH41 Cape Hallett 26 N/A DO (varved) AIO 10920 50 1790 9130 10380 110 194 
Licht & Andrews (2002) NBP9501-18tc Central Ross Sea 27 17.7 GM AIO 20490 260 3735 16755 19920 297 565 
Licht & Andrews (2002) NBP9501-18pc Central Ross Sea 28 17.7 GM AIO 17760 115 3735 14025 17090 170 337 
Licht & Andrews (2002) NBP9501-11 Central Ross Sea 29 51.7 TGM AIO 25870 245 3735 22135 26600 406 830 
Licht & Andrews (2002) NBP9501-24 Central Ross Sea 30 79.0 TGM AIO 30635 445 3735 26900 31280 270 768 
Licht & Andrews (2002) NBP9401-36 Central Ross Sea 31 56.0 TGM AIO 30220 420 3735 26485 31010 274 562 
Anderson & Andrews (1999) IWSOE70_2-19-1 Crary Trough 32 90.0 IT F(b) 16190 70 1300 14890 18188 114 381 
Elverhøi (1981) 212 Crary Trough 33 N/A IT? Shell 31290 1700 1300 29990 34460 1831 3461 
Domack et al. (1999) NBP95-01_PC26 Drygalski 34 21.8 DO AIO 7690 65 2210 5480 6300 87 191 
Domack et al. (1999) NBP95-01_PC29* Drygalski 35 21.4 DO AIO 5770 75 2210 3560 3960 128 263 
Domack et al. (1999) NBP95-01_KC31 Drygalski 36 41.3 DO AIO 12280 95 2430 9850 11270 136 339 
Licht et al. (1996) DF80-102 Drygalski 37 52.9 GM AIO 12640 80 1270 11370 13230 81 163 
Licht et al. (1996) DF80-108 Drygalski 38 53.9 GM AIO 11545 95 1270 10275 12020 201 394 
Licht et al. (1996) DF80-132 Drygalski 39 44.3 GM AIO 10730 80 1270 9460 10790 154 259 
Domack et al. (1999) NBP95-01_KC37 Dryglaski 40 68.0 DO AIO 13840 95 2780 11060 12930 138 239 
Licht et al. (1996) DF80-57 Dryglaski  41 10.5 GM Bivalve 7830 60 1300 6530 7440 105 209 
Frignani et al. (1998) ANTA91-28 Dryglaski  42 64.6 TGM AIO 17490 930 5090 12400 14790 1780 3430 
Frignani et al. (1998) ANTA91-29 Dryglaski  43 50.7 TGM AIO 17370 60 6710 10660 12530 173 395 
McKay et al. (2008) DF80-189 Dryglaski  44 10.4 GM AIO 11331 45 2470 8861 10060 126 268 
Finocchiaro et al. (2007) ANTA99-CD38 Dryglaski  45 37.1 DO AIO 12270 40 3000 9270 10530 50 127 
Mosola & Anderson (2006) NBP99-02_PC15 Eastern Ross Sea 46 91.7 TGM AIO 30620 400 4590 26030 30730 297 565 
Mosola & Anderson (2006) NBP99-02_PC04 Eastern Ross Sea 47 0.4 TGM AIO 23950 230 3663 20287 24200 287 640 
Mosola & Anderson (2006) NBP99-02_PC13 Eastern Ross Sea 48 90.0 TGM AIO 28520 300 4613 23907 28740 390 699 
Mosola & Anderson (2006) NBP9902_PC06 Eastern Ross Sea 49 42.1 TGM AIO 27330 290 3704 23626 28380 349 705 
Mosola & Anderson (2006) NBP99-02_TC05 Eastern Ross Sea 50 42.1 TGM AIO 27000 260 3663 23337 28120 266 580 
Anderson & Andrews (1999) IWSOE70_3-7-1 SE Weddell Sea 51 N/A TGM F 26660 490 1300 25360 30140 482 898 
Anderson & Andrews (1999) IWSOE70_3-17-1 SE Weddell Sea 52 N/A TGM F 23870 160 1300 22570 27260 338 624 
Elverhøi (1981) 234 SE Weddell Sea 53 N/A TGM Bryozoan 21240 760 1300 19940 23790 834 1915 
Michalchuk et al. (2009) NBP0602-8B Firth of Tay 54  TGM Shell 8700 40 1300 7400 8260 107 228 
Harden et al. (1992) DF86-83 Gerlache 55 2.6 TGM AIO 10240 250 2760 7480 8390 383 751 
Willmott et al. (2007) JPC-33 Gerlache 56 73.8 GM N/A     8500   
Smith et al. (in press) VC408 Getz-Dotson 57 14.5 GM AIO 14646 63 5135 9511 10850 126 253 
Smith et al. (in press) VC415 Getz-Dotson 58 1.7 GM AIO 13677 57 4723 8954 10200 96 234 
Smith et al. (in press) VC417 Getz-Dotson 59 1.4 GM AIO 16307 76 6405 9902 11350 124 319 
Smith et al. (in press) VC418 Getz-Dotson 60 7.9 GM AIO 11469 47 5135 6334 7270 72 132 
Smith et al. (in press) VC419 Getz-Dotson 61 0.7 Gravity flow Benthics 11237 40 1300 9937 11410 113 307 
Hillenbrand et al. (2010b) VC424 Getz-Dotson 62 20.7 DO AIO 12183 51 1300 10883 12770 119 201 
Hillenbrand et al. (2010b) VC425 Getz-Dotson 63 10.7 DO AIO 12868 54 1300 11568 13400 106 246 
Smith et al. (in press) VC427 Getz-Dotson 64 15.2 DO AIO 12139 55 1300 10839 12730 114 210 
Smith et al. (in press) VC428 Getz-Dotson 65 45.5 GM AIO 15841 72 3865 11976 13810 112 223 
Smith et al. (in press) VC430 Getz-Dotson 66 89.0 IT Benthics 10979 40 1300 9679 11040 143 280 
Smith et al. (in press) VC436 Getz-Dotson 67 98.3 IT Benthics 20115 71 1300 18815 22410 150 307 
Smith et al. (in press) PS69/267-2 Getz-Dotson 68 26.2 GM AIO 15108 66 4124 10984 12850 128 216 
Hillenbrand et al. (2010b) PS69/273-2 Getz-Dotson 69 2.4 DO AIO 11945 38 1300 10645 12540 71 265 
Hillenbrand et al. (2010b) PS69/274-1 Getz-Dotson 70 6.2 DO AIO 11967 49 1300 10667 12570 80 284 
Hillenbrand et al. (2010b) PS69/275-1 Getz-Dotson 71 5.9 DO AIO 11543 47 1300 10243 11950 233 478 
Smith et al. (in press) PS69/280-1 Getz-Dotson 72 11.0 GM AIO 17021 80 7019 10002 11520 206 360 
Leventer et al. (2006) JPC43B Iceberg Alley 73 76.7  AIO 11770 45 1700 10070 11660 335 623 
Domack et al. (1999) NBP95-01_KC39 JOIDES 74 73.6 DO AIO 14290 95 3140 11150 13010 131 254 
Frignani et al. (1998) ANTA91-14 JOIDES 75 81.1 TGM AIO 24000 620 3800 20200 24160 1607 3217 
Melis & Salvi (2009) ANTA91-13 JOIDES 76 85.3 TGM F 21100 75 1300 19800 23640 189 415 
Finocchiaro et al. (2000) ANTA99-8 JOIDES 77 37.2 TGM AIO 24830 110 3800 21030 25160 794 1634 
Finocchiaro et al. (2000) ANTA96-9 JOIDES 78 43.6 TGM AIO 10100 60 3800 6300 7150 585 1178 
Banfield & Anderson (1995) DF82-48 Lafond 79 93.3 TGM F(m) 15665 95 1300 14365 17460 230 414 
Shevenell et al. (1996) GC-01 Lallemand 80 N/A TGM Shell 9358 70 1300 8058 9080 169 343 
Brachfeld et al. (2003) KC-23 Larsen-A 81 3.5 TGM Geomag. 10700 500 n/a n/a 10700 500  
Domack et al. (2005) KC-02 Larsen-B 82 15.7 GM F 10600 55 1300 9300 10571 147 340 
Domack et al. (2005) KC-05 Larsen-B 83 28.6 GM F 9210 45 1300 7910 8857 158 311 
Gingele et al. (1997) PS2028-4 Lazarev Sea shelf 84 N/A GM Bryozoan 9850 130 1300 8550 9680 211 416 
Gingele et al. (1997) PS2226-3 Lazarev Sea shelf 85 N/A GM Bryozoan 8430 95 1300 7130 7800 144 290 
Gingele et al. (1997) PS2058-1 Lazarev Sea shelf 86 N/A GM Bryozoan 6530 95 1300 5230 6030 150 300 
Ó Cofaigh et al. (2005b) VC304 Marguerite Bay 87 81.3 TGM AIO 11670 250 3473 8197 9220 311 664 
Harden et al. (1992) DF86-111 Marguerite Bay 88 22.3 TGM AIO 10180 170 4260 5920 6790 272 501 
Harden et al. (1992) DF86-112 Marguerite Bay 89 24.6 TGM AIO 10800 160 4100 6700 7590 204 418 
Kilfeather et al. (2010) GC002 Marguerite Bay 90 50.0 TGM F 13340 57 1300 12040 13870 117 271 
Kilfeather et al. (2010) GC005 Marguerite Bay 91 65.6 TGM F 13390 56 1300 12090 13920 119 314 
Pope & Anderson (1992) PD88-85 Marguerite Bay 92 79.5 TGM F(m) 13335 105 1300 12035 13870 156 405 
Pope & Anderson (1992) PD88-99 Marguerite Bay 93 63.6 TGM F(m) 13490 140 1300 12190 14110 240 631 
Allen et al. (2010) JPC-43 Marguerite Bay 94 3.8 TGM F(m) 9360 50 1300 8060 9080 152 321 
Pope & Anderson (1992) PD88-76 Marguerite Bay 95 93.3 IT F(m) 12425 110 1300 11125 12990 166 290 
Heroy & Anderson (2007) PC-48 Marguerite Bay 96 17.2 TGM Shell 9640 60 1300 8340 9400 123 287 
Heroy & Anderson (2007) KC-51 Marguerite Bay 97 49.3 TGM Shell 9640 n/a 1300 8340 9480   
Heroy & Anderson (2007) PC-49 Marguerite Bay 98 30.2 TGM Shell 9126 95 1300 7826 8760 183 351 
Heroy & Anderson (2007) PC-52 Marguerite Bay 99 65.4 TGM Shell 9320 220 1300 8020 9000 310 558 
Kim et al. (1999) A10-01 Marian Cove 100 N/A TGM AIO 13461 98 5200 8261 9310 259 317 
Milliken et al. (2009) NBP0502-1B Maxwell Bay 101 N/A TGM Shell  13100 65 1300 11800 13620 132 248 
McMullen et al. (2006) KC-1 Mertz 102 73.2 DO Molluscs 5755 35 1300 4455 5140 145 280 
McMullen et al. (2006) KC-2 Mertz 103 76.4 DO AIO 6240 50 3410 2830 3050 140 260 
McMullen et al. (2006) KC-13 Mertz 104 69.3 DO AIO 5980 40 3410 2570 2750 106 243 
McMullen et al. (2006) KC-12 Mertz 105 70.4 DO AIO 6110 40 3410 2700 2890 109 211 
Domack et al. (1991) DF79-12 Mertz-Ninnes 106 66.3 DO AIO 7350 80 5020 2330 2450 327 668 
Maddison et al. (2006) JPC10 Mertz-Ninnes 107 72.5 DO AIO 13550 50 2340 11210 13100 71 192 
Harris et al. (2001) 26PC12 Mertz-Ninnes 108 75.0 GM AIO 15469 70 2241 13228 16100 366 731 
Harris et al. (2001) 17PC02 Mertz-Ninnes 109 69.4 GM AIO 7294 60 2431 4863 5620 298 618 
Harris et al. (2001) 24PC10 Mertz-Ninnes 110 73.8 GM AIO 16807 80 2700 14107 17190 149 387 
Harris et al. (2001) 27PC13 Mertz-Ninnes 111 66.9 GM AIO 11148 60 2453 8695 9840 210 342 
Harris & O'Brien (1998) 149/12/GC12 Nielsen 112 75.0 GM AIO 17150 280 2170 14980 18150 472 961 
Mackintosh et al. (2011) JPC40 Nielsen 113 68.6 GM AIO 13895 40 1700 12195 14160 363 694 
Heroy et al. (2008) PC-61 Orleans 114 50.0 TGM AIO 10859 53 2833 8026 9040 139 287 
Salvi et al. (2006) ANTA96-5BIS Pennell Trough 115 72.8 TGM AIO 37000 1400 3820 33180 37940 2037 4087 
Licht & Andrews (2002) NBP9501-7 Pennell Trough 116 84.5 TGM or IT F 14970 135 1300 13670 16790 175 516 
Anderson et al. (2002) NBP9801-22 Pennell Coast 117 67.1 GM Algae 9260 70 1300 7960 8930 185 343 
Anderson et al. (2002) NBP9801-17 Pennell Coast 118 74.3 GM (above till) Algae 8200 90 1300 6900 7770 129 254 
Anderson et al. (2002) NBP9801-19 Pennell Coast 119 80.0 GM (above till) Bryozoan 13260 80 1300 11960 13780 147 291 
Anderson et al. (2002) NBP9801-26 Pennell Coast 120 94.4 GM F 15645 95 1300 14345 17440 227 415 
Lowe & Anderson (2002) NBP9902_PC39 Pine Island 121 51.8 GM F 15800 3900 1300 14500 17150 4789 9422 
Lowe & Anderson (2002) NBP9902_PC41 Pine Island 122 42.2 GM F 10150 370 1300 8850 10030 460 962 
Domack et al. (1998) KROCK 24 Prydz Channel 123 77.3 GM AIO 12680 110 2510 10170 11790 233 495 
Leventer et al. (2006) JPC25 Prydz Channel  124 10.9 TGM Scaphopod 10625 35 1300 9325 10600 137 308 
Barbara et al. (2010) JPC24 Prydz Channel 125 12.3 TGM Shell 10315 35 1300 9015 10280 117 254 
Domack et al. (1991) 740A-3R1 Prydz Channel 126 9.4 GM AIO 11140 75 2510 8630 9750 155 287 
Hemer & Harris (2003) AM02 Prydz Channel 127 0.0 DO AIO 21680 160 6548 15132 18290 285 567 
Taylor & McMinn (2002) GC29 Prydz Channel 128 10.3 GM AIO 14140 120 2493 11647 13500 209 426 
Pudsey et al. (2006) VC242 Robertson 129 20.0 TGM AIO 20300 160 6000 14300 17410 312 562 
Pudsey & Evans (2001) VC244 Robertson 130 17.1 TGM AIO 17450 60 6550 10900 12770 96 73 
Pudsey & Evans (2001) VC275 Robertson 131 30.0 TGM AIO 14810 50 6450 8360 9430 60 126 
Pudsey et al. (2006) VC238 Robertson 132 11.3 GM AIO 16700 120 6000 10700 12570 250 523 
Pudsey & Evans (2001) VC236 Robertson 133 16.1 TGM AIO 15660 50 6030 9630 11010 114 214 
Pudsey et al. (2006) VC243 Robertson 134 15.2 GM AIO 12450 40 6000 6450 7370 82 168 
Pudsey et al. (2006) VC237 Robertson 135 13.9 GM AIO 15330 80 6000 9330 10630 197 393 
Pudsey et al. (2006) VC277 Robertson 136 27.1 GM AIO 17714 96 6000 11714 13550 163 313 
Pudsey et al. (2006) VC276 Robertson 137 22.6 GM AIO 18006 98 6000 12006 13840 196 432 
Yoon et al.(2002) GC-03 Smith 138 88.9 TGM AIO 14210 90 3000 11210 13080 127 251 
Heroy & Anderson (2007) PC-20 Smith 139 64.2 TGM F(b) 10870 270 1300 9570 10930 354 772 
Heroy & Anderson (2007) PC-22 Smith 140 93.2 TGM F(m) 15680 200 1300 14380 17490 298 538 
Nishimura et al. (1999) GC1705 Smith 141 68.4 TGM AIO 16110 60 3000 13110 15880 389 645 
Heroy & Anderson (2007) PC-04 Vega 142 80.5 TGM AIO 21170 140 6000 15170 18300 104 314 
Heroy & Anderson (2007) PC-05 Vega 143 87.4 IT F(b) 11121 67 1300 9821 11240 161 416 
Heroy & Anderson (2007) PC-06 Vega 144 90.2 TGM F(m) 16340 120 1300 15040 18260 157 364 
Anderson et al. (2002) NBP9902-23 Wrigley Gulf 145 44.1 GM Bryozoan 13873 86 1300 12573 14710 312 553 
Anderson et al. (2002) NBP9902-22 WrigleyGulf 146 44.1 GM Shell 13576 74 1300 12276 14250 284 547 
Anderson et al. (2002) NBP9902-26 Wrigley Gulf 147 4.8 GM Shell 14194 82 1300 12894 16750 141 365 
Domack et al. (1989) 4  Adelie Bank 148 N/A Sand Benthics 14260 140 1300 12960 15630 416 800 
 
Table 5: Mean retreat rates of palaeo-ice stream grounding lines. 
Palaeo-ice 
stream 
Mean retreat rate along 
the whole trough  
(Range in mean retreat 
rates) 
Deglaciation chronology (and 
reference) 
Reference for retreat rate 
Anvers Trough ~24 m yr-1  
(7-54 m yr-1) 
Carbonate and AIO 14C dates 
(Pudsey et al. 1994; Nishimura 
et al. 1999; Heroy &Anderson 
2007) 
This paper 
Belgica Trough ~15 m yr-1 
(7-55 m yr-1) 
AIO 14C dates (Hillenbrand et 
al., 2010a) 
This paper 
(Hillenbrand et al., 2010a) 
Drygalski Basin ~76 m yr-1 
(23-317 m yr-1) 
Carbonate and AIO 14C dates 
(Licht et al. 1996; Frignani et al. 
1998; Domack et al. 1999; 
Finocchiaro et al. 2007; McKay 
et al. 2008)  
This paper  
~50 m yr-1 to Ross Island 
~140 m yr-1 to current 
grounding line position from 
Ross Island 
Shipp et al. (1999) 
Getz-Dotson 
Trough 
(18-70 m yr-1) Carbonate and AIO 14C dates, 
palaeomagntic intensity dating 
(Hillenbrand et al. 2010b; Smith 
et al. in press) 
Smith et al. (in press) 
JOIDES Basin (40-100 m yr-1) Annual De Geer moraine Shipp et al. (2002) 
Marguerite 
Trough 
~80 m yr-1  
(36-150 m yr-1) 
Carbonate and AIO 14C dates 
(Harden et al. 1992; Pope & 
Anderson 1992; Ó Cofaigh et al. 
2005b; Heroy & Anderson 
2007; Kilfeather et al. 2010) 
This paper 
 
Table 6: Inferred retreat styles of Antarctic marine palaeo-ice streams since the LGM based on available geomorphic and chronological evidence.  
Mode of 
Retreat 
Palaeo-ice stream Evidence Defining characteristics of palaeo-ice stream 
Rapid [3/4] Central Bransfield 
Basin (Laclavere & Mott 
Snowfield) 
Lineations that are not overprinted by GZWs or moraines (Canals et al. 2002). Small troughs and drainage basin area. Normal slope and 
well defined, deeply incised U-shaped troughs and 
shallow banks. 
[7] Biscoe Trough  Lineations that are not overprinted by GZWs or moraine (Amblas et al. 2006). Small glacial system, shallow outer trough. 
[10] Marguerite Trough  Dates suggest a catastrophic retreat (over a distance of >140 km) from the outer shelf 
followed by a pause and then further rapid retreat (Ó Cofaigh et al. 2005b; Kilfeather 
et al. 2010). The outer shelf is characterised by pristine MSGL. Mean retreat rates are 
~80 m yr-1, although during rapid collapse of the outer and inner shelf they must have 
been significantly greater (i.e. within the error of the radiocarbon dates). 
Deep, rugged inner shelf with well-developed meltwater 
network; drainage area: 10,000-100,000 km2. 
[16] Sulzberger Bay 
Trough 
Erosional grooves that are not overprinted. Thin deglacial sediment. Small trough and drainage basin. Steep reverse slope. 
    
Episodic 
(fast then 
slow) 
[34] Robertson Trough  Inner and mid-shelf ± lineations overprinted by GZWs (up to 20 m thick). 3-4 m of 
deglacial sediment and pelletized facies. Four generations of cross-cutting lineations on 
the outer shelf. 
Large, shallow and wide outer trough which splits into a 
series of tributary troughs on the inner-shelf. 
    
Episodic 
(slow 
then fast) 
[1] Gerlache-Boyd Strait  Thick layer of deglacial sediment (7-60 m) on the outer shelf. Thick morainal wedge 
south of sill at end of Gerlache Strait. <2 m deglacial sediment in the bedrock scoured 
inner shelf.  
Narrow inner shelf trough with large changes in relief. 
Small drainage basin. 
[13] Pine Island Trough  Five GZWs on mid and outer shelf associated with changes in subglacial bed gradient 
(Graham et al. 2010). The inner shelf is dominated by bedrock with a thin carapace 
(<2.5 m) of deglacial sediment.  
Drainage area ~330,000 km2. Rugged, bedrock 
dominated inner shelf with a major meltwater drainage 
network. 
[14] Getz-Dotson Trough Deglacial dates suggest that initial retreat from the outer to the mid shelf was 
extremely slow (about 18 m yr-1). Further retreat back into the three tributary troughs 
was characterised by faster rates of retreat (54 m yr-1 on average & up to 70 m yr-1).  
Small tributary troughs with very deep inner basins and a 
high reverse slope. 
[17] Drygalski Basin Dates suggest a mean retreat rate of 76 m yr-1 (based on dates from McKay et al. 
(2008)). Similar calculations by Shipp et al. (1999) gave a retreat rate of ~50 m yr-1. 
Further rates of retreat to the current grounding line position (900 km further inshore) 
may have been considerably faster 89-140 m yr-1, whilst grounding line retreat from 
Drygalski Ice Tongue to Ross Island was also thought to be rapid (317 m yr-1).  Large 
GZW on the outer shelf and MSGL preserved along entire length of mapped trough 
(Shipp et al. 1999). 
Long, narrow trough with shallow banks. Fed by ice from 
East Antarctica and floored predominantly by 
unconsolidated strata. 
    
Episodic 
 
 
[2] Lafond Trough Three morainal ridges on the mid-shelf (Bentley & Anderson, 1998). Small trough and drainage basin area. Normal slope and 
well defined, deeply incised U-shaped trough and 
shallow banks. 
[19] Central Ross Sea  One GZW on inner shelf (25 m) & one on outer shelf (50 m). Series of back-stepping 
ridges on outer shelf (Shipp et al. 1999). 
 
Narrow trough. 
[20] Central Ross Sea  One GZW on inner shelf (c. 50 m thick), one on mid-shelf (40 m) & two on outer shelf 
(50 m & 70 m). 
Large trough with deep banks. 
[21] Eastern Ross Sea  Three GZWs on inner (50 m), mid & outer shelves (180 m). Some moraine ridges. 
 
Large trough with deep banks. Predominantly 
unconsolidated strata. 
[22] Eastern Ross Sea  Two GZWs on inner shelf (both 100 m); one on outer shelf (50-100 m). Large trough with deep banks. Predominantly 
unconsolidated strata. 
[23] Mertz Trough Up to 7 m of deglacial sediment and two prominent GZWs on the outer shelf (up to 80 
m high). 
Broad (50-100 km) trough. 
[28] Prydz Channel 0XOWLSOH*=:VDQGVPDOOWUDQVYHUVHULGJHVRQWKHPLGDQGLQQHUVKHOI2¶%ULHQHWDO
1999). >3 m of deglacial and sub-ice shelf sediments (Domack et al. 1998). 
Convergent flow with Amery palaeo-ice stream, which 
has a large drainage basin (currently drains ~20% of ice 
from East Antarctica) and deep inner shelf (>1,000 m). 
Ice only reached mid-shelf at LGM. 
    
Slow 
 
 
[8] Anvers-Hugo Island 
Trough 
Very slow retreat, with mean retreat rates on the outer and mid-shelf of 2-15 m yr-1. 
However, the inner-most shelf was subject to slightly faster rates (~47 m yr-1), with 
Gerlache Strait ice free by ~8.4 cal. ka BP. GZW and up to 12 m of deglacial sediment 
on the outer shelf is consistent with a slow overall rate of retreat (Larter & Vanneste, 
1995; Vanneste & Larter, 1995). 
Small trough with a very deep inner basin (Palmers Deep: 
>1400 m). Mid shelf high at ~300 m. Three tributaries.  
[12] Belgica Trough  Mean retreat rate of 7-55 m yr-1, with the outer shelf deglaciating slightly faster (~23 m 
yr-1) than the inner shelf (Hillenbrand et al. 2010). Multiple small GZWs on the inner 
shelf. The outer shelf is heavily iceberg scoured so the geomorphic evidence is limited.  
Large glacial trough, with drainage area of >200,000 
km2. Seaward dipping middle-outer shelf profile (angle: 
~0.08°). Primarily composed of unconsolidated strata. 
[18] JOIDES-Central 
Basin  
GZWs (3-80 m high) & corrugation moraine (De Geer?). De Geer moraine suggests a 
retreat rate of 40-100 m yr-1 (Shipp et al. 2002).  
Long, quite narrow trough with shallow banks. Nourished 
by ice from East Antarctica (drainage area: >1.8 million 
km2. Predominantly unconsolidated strata. 
    
  
 
